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(g) Liquid-jet printing head and printing apparatus having the liquid-jet printing head. 



(57) A printing head designed to have a long life, 
particularly to be able to maintain a long dura- 
tion life of a heater portion and improved qual- 
ities of printed images with improved stability 
and to achieve high-speed printing, a printing 
apparatus using the printing head and a method 
for driving the printing head are provided. On a 
substrate of the printing head are formed a 
printing liquid supply chamber, liquid channels 
communicating with the supply chamber, liquid 
channel wall members forming the channels, 
nozzles for ejecting a liquid, heaters provided 
as thermal energy transducing elements in the 
channels, and an electric wiring for energizing 
the heaters. Each channel has a wing-like sec- 
tional configuration in the vicinity of the corre- 
sponding heater. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a liquid-jet printing head 
which operates for printing by ejecting a printing liquid 
by utilizing thermal energy so that a flying droplet of 
the printing liquid is formed, and a liquid-jet printing 
apparatus having the liquid-jet printing head. The 
present invention is applied to printing of ink on vari- 
ous ink supporting members (recording members), 
such as cloth, strings, paper, and other sheet-like 
members, and to various information processors or to 
printers provided as output units of information proc- 
essors. 

Description of the Related Art 

In liquid-jet printing systems, various means are 
used to eject a printing liquid such as ink through a 
head so that the ejected ink is attached to an ink sup- 
porting member such as paper, thereby performing 
printing. 

Low-noise, high-speed and high-density printing 
can be achieved if a liquid-jet printing apparatus us- 
ing this kind of printing system is used. Moreover, 
such a printing apparatus can be reduced in size and 
can be mass-produced easily and at a low cost, be- 
cause it requires no development and fixation steps 
with respect to plain paper. Liquid-jet printing appara- 
tuses have attracted attention because of these ad- 
vantages. 

In particular, on-demand type liquid-jet printing 
apparatuses do not require a high-voltage generating 
unit and an unnecessary- ink recovery unit, such as 
those required by continuous type liquid-jet printing 
apparatuses, and can, therefore, be reduced in over- 
all size. It is therefore believed thatthey will find prom- 
ising applications. 

Among apparatuses of this kind, a liquid-jet print- 
ing apparatus having a liquid-jet printing head dis- 
closed in Japanese Patent Publication No. 61-59914, 
has attracted most attention. In this printing head, a 
part a liquid channel filled with a liquid is heated to 
abruptly form a bubble therein. With the increase in 
the volume of the bubble, the pressure of the liquid is 
increased so that a droplet of the liquid is ejected 
through an outlet communicating with the liquid chan- 
nel to fly and attach to an ink supporting member, 
thus performing printing. Specifically, this liquid-jet 
printing head can easily be designed so as to have a 
multiplicity of nozzles at a high density. Therefore, an 
increase in printing speed and an improvement in im- 
age quality can be achieved by adopting a lengthwise 
head arrangement 

In general, a liquid-jet printing head utilizing ther- 
mal energy to form a flying droplet of a printing liquid 
has a printing liquid heating means having a thermal 



energy transducer including a heating resistor ele- 
ment (hereinafter referred to as "heater") capable of 
developing heat to heat the printing liquid when an 
electric signal is applied to the element, and electro- 
5 des for applying the electric signal to the heating re- 
sistor element. 

A printing liquid generally used for printing with 
liquid-jet printing apparatuses is a water-based print- 
ing liquid formed of printing components, such as pig- 
to ments or dyestuffs, and a solvent component which 
is water of a mixture of water and a water-soluble or- 
ganic solvent and in which the printing components 
are dissolved or dispersed. 

A heating limit temperature at which such a wa- 
15 ter-based printing liquid is abruptly evaporated, i.e., 
a temperature at which vapor is generated at a gas- 
liquid interface by heat conducted through a very thin 
and stable vapor film formed between the electric 
heating surface and the liquid, is 250 to 350°C. There- 
20 fore, if a printing liquid having such a temperature 
characteristic is used for printing on a printing mem- 
ber in such a manner that an electric signal is applied 
to a heater to form a bubble in the printing liquid such 
that a flying droplet of the printing liquid is formed, the 
25 heater is heated from an ambient temperature to a 
temperature of 300 to 800°C each time the electric 
signal is applied. 

Recently, there has been a demand for a method 
or means for efficiently utilizing energy of a bubble 
30 formed as described above in order to further in- 
crease the liquid passage density and the number of 
liquid outlets. Japanese Patent Laid-Open Publica- 
tion No. 4-211950 discloses a liquid passage struc- 
ture in which the width of each of liquid passages in 
35 the direction of arrangement of the liquid passages in 
a printing head has a maximum value between the 
corresponding outlet and an end of a thermal energy 
transducing element on the side of a supply port, and 
is monotonously reduced from the vicinity of the max- 
40 imum value toward each of the outlet and the supply 
port through a certain passage portion, the reduction 
rate on the nozzle side being higher. 

However, even if energy of a bubble can be effi- 
ciently utilized to eject of a printing liquid, the life of 
45 a printing head and the qualities of printed images are 
influenced by a cavitation collapse pressure which 
acts to erode a heater or a channel portion around the 
heater when a bubble caused by heating the printing 
liquid collapses, as long as the printing head is con- 
so structed to heat the printing liquid by repeatingly en- 
ergizing the heater at a high temperature by electrical 
signals so that bubbles are formed in the printing liq- 
uid to eject droplets of the printing liquid. Therefore, 
design efforts have been made to reduce such an 
55 erosion effect 

For example, Japanese Patent Laid-Open Public- 
ation No. 59-138460 discloses a method of moving 
the position at which a bubble collapses out of the 
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area of a heater to prevent erosion caused by cavita- 
tion collapse pressure by prescribing a certain posi- 
tional relationship between the heater and a liquid 
channel portion which is formed in the vicinity of the 
heater so that the channel width is not constant. 5 

Japanese Patent Publication No. 3-34467 disclo- 
ses a liquid channel structure in which a rotational 
motion of a printing liquid is caused when the printing 
liquid flows into a liquid channel. Cavitation collapse 
pressure energy is consumed by the thermal motion 10 
to prevent heaters from being eroded by the cavita- 
tion collapse pressure. 

Japanese Patent Laid-Open Publication No. 4- 
250051 discloses a method of providing a fluid resis- 
tance portion for minimizing the sectional area of a 15 
printing liquid channel wall upstream of a thermal en- 
ergy transducing element. A bubble is thereby divided 
so that the energy of the bubble when the bubble col- 
lapses is reduced, thereby preventing erosion of the 
heater caused by cavitation collapse pressure. 20 

Further, Japanese Patent Publication No. 4- 
292949 discloses a structure in which a passage sur- 
face located upstream of a thermal energy transduc- 
ing element and facing a substrate portion on which 
the thermal energy transducing element is provided 25 
has a surface configuration such as to be formed of, 
from the upstream side, a first surface formed so as 
to monotonously reduce the sectional area of the 
printing liquid channel, and a second surface formed 
so as to monotonously increase the sectional area. In 30 
this structure, the position at which a bubble collaps- 
es, i.e., the position at which the maximum cavitation 
collapse pressure acts on a heater is separated from 
the heater surface, thereby preventing erosion of the 
heater caused by cavitation collapse pressure. 35 

In the case of the art of Japanese Patent Laid- 
Open Publication No. 59-138460, erosion of a heater 
can be prevented, as described above, but the prob- 
lem of breakage of a substrate, electrodes and other 
portions due to concentration of erosion action is en- 40 
countered, since no means has been provided to pre- 
vent concentration of cavitation collapse pressure to 
portions other than the heater. 

In the case of the art of Japanese Patent Laid- 
Open Publication No. 4-250051, and Japanese Pa- 45 
tent Publication Nos. 3-34467 and 4-292949. the ero- 
sion action of cavitation collapse pressure upon a 
heater can be reduced or eliminated, but deposits 
from the liquid, generated by cycles of high- 
temperature heating of the heater to attach to the so 
heater surface, cannot be easily separated from the 
heater surface. 

If such deposits advances are not removed and 
if the deposition advances, the transmission of ener- 
gy from the heater to the liquid becomes unstable 55 
and, accordingly, liquid ejection characteristics be- 
come unstable, resulting in a disturbance in image 
formation. Thus, there is a risk of a considerable re- 



duction in the life of the head. The influence of depos- 
its on the heater surface becomes greater if the size 
of the heater is reduced in order to achieve a high- 
density liquid passage arrangement. 

In view of these problems, a concern of the pres- 
ent invention is to provide a printing head and an ink 
jet printing apparatus capable of constantly maintain- 
ing good stable ink ejection conditions, and obtaining 
high-quality images with reduced ejection character- 
istic dispersions between printing heads for a long 
time in comparison with the conventional art. This ef- 
fect is achieved by dispersively distributing over the 
heater surface the erosion action of cavitation col- 
lapse pressure caused when a bubble collapses. The 
erosion action is thereby utilized to separate deposits 
from a large area of the heater surface without dam- 
aging a peripheral portion of the thermal energy 
transducer. 

Another concern of the present invention is to 
provide a printing head and an ink jet printing appa- 
ratus designed to achieve high-speed printing by 
adopting a printing passage structure for a reduction 
in the time taken to refill printing liquid channels. 

According to one aspect of the invention, there is 
provided a printing head for performing printing by 
ejecting a liquid, comprising a plurality of heating re- 
sistor elements each for generating a bubble in the 
liquid by applying heat to the liquid, the liquid being 
ejected through an outlet by the formation of the bub- 
ble, a substrate on which the heating resistor ele- 
ments are disposed, and liquid channels (passages) 
provided on the substrate in correspondence with the 
heating resistor elements and communicating with 
the nozzles and with a common liquid chamber for 
supplying the liquid, wherein each of the liquid chan- 
nel parallel is formed so as to have a substantially- 
wing-like sectional configuration as its sectional con- 
figuration defined in the vicinity of the corresponding 
heating resistor parallel to the substrate, the substan- 
tially-wing-like sectional configuration being such 
that a force is applied to the bubble in a direction in- 
tersecting a direction from the common liquid cham- 
ber toward the corresponding nozzle. 

According to another aspect of the invention, 
there is provided a method of driving a printing head 
having heating resistor elements for applying heat to 
a liquid and liquid channels formed in correspon- 
dence with the heating resistor elements, the method 
comprising the steps of: 

generating heat by applying an electrical sig- 
nal to at least one of the heating resistor elements; 

generating a bubble in the liquid by the heat 
generated by the application of the electrical signal, 
and ejecting the liquid through a nozzle communicat- 
ing with the corresponding liquid chamber and 

applying a force to the bubble in a direction in- 
tersecting a direction from a common liquid chamber 
toward the corresponding nozzle by a flow of the liq- 
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uid when the liquid channel is refilled with the liquid 
from the common liquid chamber simultaneously with 
a collapse of the bubble. 

In this arrangement, the flow of the printing liquid 
on the periphery of a bubble generated by the thermal 5 
energy transducing element in each printing liquid 
channel is formed asymmetrically so that a pressure 
unbalance is caused in a region around the bubble. A 
force is thereby applied to the bubble in a direction in- 
tersecting the main direction of the flow of the printing 10 
liquid (a direction from the common liquid chamber to- 
ward the corresponding nozzle) for refilling the chan- 
nel. It is therefore possible to provide a printing head 
capable of preventing concentration at the thermal 
energy transducing element of the erosion action of 15 
cavitation collapse pressure caused when the bubble 
collapses. 

Further, the erosion action upon each thermal en- 
ergy transducing element is dispersively distributed 
according to the unbalance of the pressure in the re- 20 
gion around the bubble. It is therefore possible to pro- 
vide a printing head in which deposits on a larger area 
of the heater can be separated from the heater. 

By these effects, it is possible to reduce the in- 
stability of energy transmission to the printing liquid 25 
so that a good ink ejection condition can be stably 
maintained and to stably form high-quality printed im- 
ages for a long time in comparison with the conven- 
tional art by limiting dispersions of ejection character- 
istics of printing heads. 30 

Also, each adjacent pair of spaces having a wing- 
like sectional configuration is formed symmetrically 
about a common wall therebetween to form an asso- 
ciated pair of channels, and the length of the common 
wall is reduced relative to the overall block length. It 35 
is therefore possible to provide a printing head in 
which the printing liquid can flow rapidly from the 
printing liquid supply chamber into the spaces having 
the wing-like sectional configuration (printing liquid 
channels). 40 

High-speed printing can also be achieved by us- 
ing this pair structure and a driving method for reduc- 
ing occurrence of crosstalks between the pair struc- 
tures. 



BRIEF DESCRIPTION OF THE DRAWINGS 



45 



Fig. 1 is a perspective view of a first embodiment 
of a printing head in accordance with the present 
invention; 50 
Figs. 2(a) through 2(d) are plan views of the ink 
channel structure of the printing head shown in 
Fig. 1, showing the ink ejection mechanism; 
Figs. 3(a) through 3(d) are plan views of the ink 
channel structure of a conventional printing 55 
head, showing the ink ejection mechanism; 
Fig. 4 is a graph showing the relationship be- 
tween the number of times at which image print- 



ing electrical signals are applied to heaters in the 
printing heads and the breaking rates of the hea- 
ters in the printing heads; 
Fig. 5 is a graph showing the relationship be- 
tween the number of times at which electrical sig- 
nals are applied to heaters in the printing heads 
and the velocity of ejected ink droplets; 
Fig. 6 is a sketch drawn by observing the influ- 
ence of the erosion action of cavitation collapse 
upon a heater portion of the printing head shown 
in Fig. 1; 

Fig. 7 is a sketch drawn by observing a heater 
portion of the conventional printing head; 
Fig. 8 is a plan view of the ink channel structure 
in a second embodiment of the printing head in 
accordance with the present invention; 
Fig. 9 is a plan view of the ink channel structure 
in a third embodiment of the printing head in ac- 
cordance with the present invention; 
Fig. 10 is a perspective view of a fourth embodi- 
ment of the printing head in accordance with the 
present invention; 

Figs. 11 (a) through 11(d) are plan views of the ink 
channel structure of the printing head shown in 
Fig. 10, showing the ink ejection mechanism; 
Fig. 12 is a graph showing the relationship be- 
tween the number of times at which image print- 
ing electrical signals are applied to the heaters in 
the printing heads and the breaking rates of the 
heaters in the printing heads; 
Fig. 13 is a graph showing the relationship be- 
tween the number of times at which electrical sig- 
nals are applied to heaters in the printing heads 
and the velocity of ejected ink droplets; 
Fig. 14 is a sketch drawn by observing the influ- 
ence of the erosion action of cavitation collapse 
upon a heater portion of the printing head shown 
in Fig. 10; 

Fig. 15 is a sketch drawn by observing a heater 
portion of the conventional printing head; 
Fig. 16 is a perspective view of the ink channel 
structure in a fifth embodiment of the printing 
head in accordance with the present invention; 
Fig. 17 is a perspective view of the ink channel 
structure in a sixth embodiment of the printing 
head in accordance with the present invention; 
Fig. 18 is a perspective view of the ink channel 
structure in aseventh embodiment of the printing 
head in accordance with the present invention; 
Fig. 19 is a perspective view of the ink channel 
structure in an eighth embodiment of the printing 
head in accordance with the present invention; 
Fig. 20 is a perspective view of a ninth embodi- 
ment of the printing head in accordance with the 
present invention; 

Fig. 21 is a plan view of the ink channel structure 

of the printing head shown in Fig. 20; 

Fig. 22 is a plan view of the ink channel structure 
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of a printing head in accordance with a related art; 
Fig. 23 is a graph showing the relationship be- 
tween the amount of meniscus recession and 
time when the printing head of the related art is 
driven at a high frequency; 
Fig. 24 is a graph showing the relationship be- 
tween the amount of meniscus recession and 
time when the printing head of the present inven- 
tion is driven at a high frequency; 
Fig. 25 is a graph showing the result of compari- 
son between the printing head of the present in- 
vention and the conventional printing head with 
respect to the volume of ink droplets ejected 
when the head is driven at a high frequency; 
Fig. 26 is a graph showing the result of compari- 
son between the printing head of the present in- 
vention and the conventional printing head with 
respect to the velocity of ink droplets ejected 
when the head is driven at a high frequency; 
Fig. 27 is a plan view of the ink channel structure 
of a tenth embodiment of the liquid-jet printing 
head in accordance with the present invention; 
Fig. 28 is a plan view of the ink channel structure 
in an eleventh embodiment of the liquid-jet print- 
ing head in accordance with the present inven- 
tion; 

Fig. 29 is a perspective view of a twelfth embodi- 
ment of the liquid-jet printing head in accordance 
with the present invention; 
Fig. 30 is a perspective view of a thirteenth em- 
bodiment of the liquid-jet printing head in accor- 
dance with the present invention; and 
Fig. 31 is a perspective view of an internal con- 
struction of a printing apparatus in accordance 
with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will be described in detail with reference to the ac- 
companying drawings. In the embodiments described 
below, ink is used as a printing liquid. However, any 
liquid other than ink may be used as long as it can be 
ejected by a head of the present invention. Fig. 1 is a 
perspective view of a first embodiment of a liquid-jet 
printing head 1 in accordance with the present inven- 
tion. The printing head 1 has a printing liquid supply 
chamber (hereinafter referred to as "common liquid 
chamber") 8, liquid channels (liquid passages; here- 
inafter referred to as "channels") 7 which communi- 
cate with the common liquid chamber 8, liquid channel 
wall members (hereinafter referred to as "channel 
wall members") 4, nozzles 5 through which a liquid 
(represented by ink in the following) is ejected, heat- 
ing resistor elements (hereinafter referred to as "hea- 
ters") 6 provided as thermal energy transducing ele- 
ments in correspondence with the channels 7, an 



electric wiring (not shown) for supplying electric pow- 
er to the heaters 6, and a substrate 2 on which the 
thermal energy transducing elements and the electric 
wiring are provided. A top plate 3 is superposed on 

5 these components. 

The channel wall members 4 have, along a plane 
parallel to the substrate 2, a sectional configuration 
such as to form a spacing having a substantially- 
wing-like sectional configuration in a region in the vi- 

10 cinity of each heater 6. The region in the vicinity re- 
ferred to herein is a region defined between a channel 
portion increasecr irr seetionai area from the side of 
the common liquid chamber toward the outlet and the 
opening of the nozzle on the liquid chamber side. The 

is wing-like sectional configuration is such that when a 
liquid flows from the common liquid chamber side into 
each channel, a force is applied to a bubble in a di- 
rection intersecting the direction from the liquid 
chamber to the nozzle. That is, it is defined as such 

20 a channel configuration that a force in accordance 
with the Kutta-Joukowski's theorem is applied to a 
peripheral portion of a bubble. The effect of this ar- 
rangement is maximized when the direction of the 
force is approximately perpendicular to the direction 

25 from the liquid chamber to the nozzle. 

Printing is performed by using the thus- 
constructed head 1 as described below. First, the 
channels 7 are filled with ink from the common liquid 
chamber8 (see Fig. 2(a)). Next, electrical printing sig- 

30 nals are applied to some of the heaters 6 through the 
electric wiring 6. The heaters 6 are thereby heated 
and thermal energy is applied from the heaters 6 to 
the ink existing in the channels 7 in the vicinity of the 
heaters 6. By this application of thermal energy ap- 

35 plied from the heaters 6 to the ink, film boiling is 
caused to generate a bubble with an instantaneous in- 
crease in volume in the ink receiving the thermal en- 
ergy (see Fig. 2(b)). A part of the ink existing on the 
downstream side of each heater 6 (nozzle 5 side) is 

40 ejected through the outlet 5to form aflying inkdroplet 
9 (see Fig. 2(c)). The ink droplets 9 is attached to an 
ink supporting member such as paper (not shown) 
which has been fed to a position in front of the printing 
head 1, thereby printing a desired image (see Fig. 

45 2(d)). 

The difference between this embodiment and a 
conventional printing head will be described with ref- 
erence to Figs. 2(a) to 2(d) and Figs. 3(a) to 3(d) illus- 
trating an example of the conventional art. 

so Fig. 2(a) and Fig. 3(a) are schematic plan views 

of the printing heads showing states where liquid 
channels are filled with ink. As is apparent from these 
figures, the channel wall members 4 of the printing 
head 1 in accordance with the embodiment of the 

55 present invention form a generally-wing-like section- 
al configuration which is asymmetrical about a center 
(center axis X) along the ink flowing direction indicat- 
ed by arrow A in Fig. 2(a). Each of Figs. 2(b) and Fig. 
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3(b) shows a state where a bubble 10 is generated by 
instantaneously applying thermal energy to the ink on 
the heater 6. Figs. 2(c) and Fig. 3(c) are schematic 
plan views each showing an ink flow in the channel 7 
when the bubble generated as shown in Figs. 2(b) or 5 
Fig. 3(b) collapses. The fact that the ink flows caused 
in the channels 7 shown in Figs. 2(C) and 3(c) are dif- 
ferent from each other is important. That is, ink flow- 
ing from the common liquid chamber 8 into the chan- 
nel 7 flows uniformly in the case shown in Fig. 3(c), 10 
while ink flowing from the common liquid chamber 8 
into the channel 7 flows along the channel wall mem- 
bers 4 in the case shown in Fig. 2(c), so that, by the 
influence of the channel wall members 4 asymmetri- 
cal about the ink flow direction, the ink also flows 15 
asymmetrically. A pressure difference is therefore 
caused in the channel 7 shown in Fig. 2(c) between 
portions 11 and 12 of the adjacent pair of the channel 
wall members 4. That is, a pressure difference due to 
the non-uniformity of the ink flow is caused in a region 20 
around the bubble 10. Figs. 2(d) and 3(d) are sche- 
matic plan views each showing the ink flow in the 
channel 7 immediately before the bubble 10 collaps- 
es. The heater 6 and a channel portion around the 
heater 6 are eroded mainly when the bubble 10 col- 25 
lapses. In the state shown in Fig. 3(d), ink flowing 
from the common liquid chamber 8 into the channel 
7 flows uniformly and no pressure difference occurs 
in the channel 7 between the portions 11 and 12 of the 
channel wall members 4. Therefore, the bubble 1 0 ex- 30 
ists generally on the center axis X of the channel 7 im- 
mediately before its collapse. That is, the erosion ac- 
tion is concentrated at this position. In the state 
shown in Fig. 2(d), a pressure difference occurs in the 
channel 7 between the portions 11 and 12 of the 35 
channel wall members 4, so that a force is caused per- 
pendicularly to the ink flow direction. In the case of 
this embodiment, the bubble 10 exists on a point be- 
tween the center axis X of the channel 7 and the chan- 
nel wall portion 11 immediately before its collapse. 40 
However, the pressure difference between the por- 
tions 11 and 12 is not constant, because the flow in 
the channel 7 is not constant and because the bubble 
10 is unstable. Therefore, the bubble 10 does not al- 
ways exist at this position immediately before its col- 45 
lapse. Accordingly, the erosion action of cavitation 
collapse pressure is dispersively distributed without b 
eing concentrated. 

A printing head having an ink ejection direction 
parallel to a heater surface has been described as an 50 
embodiment of the present invention. However, the 
same can be said with respect to printing heads hav- 
ing any ink ejection directions relative to the heater 
surface. 

Experiments described below were made by us- 55 
ing the above-described printing heads. 



Experimental Example 1: 

A heater life test often printing heads having the 
ink channel structure shown in Fig. 2 (hereinafter re- 
ferred to as "type A structure") and other ten printing 
heads having the ink channel structure shown in Fig. 
3 (hereinafter referred to as "type B structure") was 
made by ejecting ink through these heads in such a 
manner that the life of each heater was determined 
when the heater broke during cycles of application of 
electrical printing signals to the heater for ejecting ink. 

Fig. 4 is a graph of the breaking rate of the hea- 
ters in the printing heads of the type A and type B 
channel structures (the proportion of broker ieaters 
to all the heaters in each head) with respe to the 
number of times of application of electrical printing 
signals to the heaters. Average values of ten heads of 
each type were plotted. 

As is apparent from Fig. 4, the difference be- 
tween the influences of the erosion actions of cavita- 
tion collapse pressure upon the heaters in the type A 
and type B channel structures is large. That is, the life 
of the heaters in the printing head having the type A 
channel structure is longer than that of the heaters in 
the printing head having the type B channel structure. 

Experimental Example 2: 

An ejection characteristic life test of ten printing 
heads having the type A channel structure and other 
ten printing heads having the type B channel struc- 
ture was made by ejecting ink through these heads in 
such a manner that changes in the ink ejection veloc- 
ity, the volume of ink droplets, the direction of ejection 
with respect to the number of times of application of 
electrical printing signals to the heaters were meas- 
ured and the life of each head was determined when 
the performance was largely changed. This experi- 
ment was made by paying attention to the ink droplet 
ejection velocity relating to the quality of resulting 
printed images among the ejection characteristics. 

Fig. 5 is a graph of the ink droplet ejection velocity 
with respect to the number of times of application of 
electrical printing signals to the heaters of the printing 
heads of the type A and type B channel structures. 
Average values of ten heads of each type were plot- 
ted. 

As is apparent from Fig. 5, the difference be- 
tween the influences of the erosion actions of cavita- 
tion collapse pressure upon the heaters in the type A 
and type B channel structures is large. That is, the life 
of the printing head having the type A channel struc- 
ture with respect to the ejection characteristics is lon- 
ger than that of the printing head having the type B 
channel structure. 
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Experimental Example 3: 

The above-described ten printing heads having 
the type A channel structure and other ten printing 
heads having the type B channel structure (used in 5 
Experimental Example 2) were prepared and the 
states of deposits on the heater surfaces and channel 
portions around the heater surface of these heads 
were observed. The deposits observed were con ^id- 
ered to be precipitates of ink components and impur- 10 
ities in ink. 

It is presently believed that phenomena descri- 
bed below are mainly caused if such deposits attach- 
ed to the heater surface and a portion around the hea- 
ter surface are increased. First, attached deposits 15 
badly influence the formation of a bubble in ink on the 
heater so that stability of bubble formation is reduced, 
resulting in failure to obtain characteristics for stably 
ejecting ink droplets. Second, attached deposits and 
the material of the heater react chemically with each 20 
other to erode and break the heater. That is, for the 
printing head, it is preferred that no deposits are gen- 
erated on the heater surface and a channel portion 
around the heater surface, or that the amount of de- 
posits thereon is small. 25 

Figs. 6 and 7 are sketches showing the results of 
observation of heater portions in the printing heads 
1 0 of the type A and type B channel structures after 
applying electric printing signals a number of times. 
Fig. 6 is a sketch of the heater surface in the type A 30 
channel structure, and Fig. 7 is a sketch of the heater 
surface in the type B channel structure. Although the 
state of only one heater in each structure is illustrat- 
ed, the states of other heater surfaces are substan- 
tially the same. Dots in these sketches schematically 35 
represent deposits on the heaters. 

As is apparent from Figs. 6 and 7, there is a large 
difference between the states of attachment of de- 
posits on the heater surfaces and portions around the 
heater surfaces in the type A and type B channel 40 
structures according to the difference between the 
influences of the erosion actions of cavitation col- 
lapse pressure. That is, it can be said that the area of 
attachment of deposits on the heater surface and the 
peripheral portion in the printing head having the type 45 
A channel structure is smaller than that in the printing 
head having the type B channel structure, because 
the erosion action of the cavitation collapse pressure 
upon the heater in the type A channel structure is dis- 
tributed more dispersively than the erosion action in so 
the type B channel structure. Therefore, the printing 
head having the type A channel structure can repre- 
sent an example of the present invention realizing a 
liquid-jet printing head having a long life and capable 
of obtaining high-quality images with improved stabil- 55 
ity. 

A second embodiment of the present invention 
will be described with reference to Fig. 8. In this em- 



bodiment, a liquid flow changing member (hereinafter 
referred to as "ink flow changing member") 13 is pro- 
vided independently of channel wall members 4 so 
that the channel structure has a wing-like sectional 
configuration similar to that in the first embodiment. 
The ink flow in each channel is thereby formed asym- 
metrically. This structure is advantageous in that an 
asymmetrical flow of ink in each channel about a bub- 
ble can be realized more effectively by using a small 
structural member, and that a larger pressure differ- 
ence in a region around a bubble can therefore be 
controlled. It is therefore possible to provide a liquid- 
jet printing head having a long life through which im- 
proved ink ejection stability is maintained to obtain 
high-quality printed images. 

A third embodiment of the present invention will 
be described with reference to Fig. 9. In this embodi- 
ment, the effect of a wing-like sectional configuration 
is increased by using channel walls and an ink flow 
changing member 1 3 separate from the channel walls 
so that a further asymmetry is created in an asym- 
metric ink flow formed in each channel. This structure 
is advantageous in that the pressure difference 
caused by an ink flow formed asymmetrically in each 
channel can be further increased by further changing 
the flow. It is therefore possible to provide a liquid-jet 
printing head having a long life through which im- 
proved ink ejection stability is maintained to obtain 
high-quality printed images. 

A fourth embodiment of the present invention will 
be described with reference to Figs. 10 and 11. 

Fig. 10 is a perspective view of a fourth embodi- 
ment of the printing head in accordance with the pres- 
ent invention, and Fig. 11 is a plan view for explaining 
the ink ejection mechanism of the printing head 
shown in Fig. 10. 

The difference between the embodiments 
shown in Figs. 1 and 10 resides in the configuration 
of portions 11 of channel wall members 4 forming 
channels 7 having a wing-like sectional configura- 
tion. That is, each of the portions 11 and 12 in the ar- 
rangement shown in Fig. 1 is formed in the vicinity of 
the heater 6 so as to partially surround the heater 6 
as in the case of the portion 12. In contrast, in the ar- 
rangement shown in Fig. 10, the portion 12 of one of 
each adjacent pair of wall members is formed in the 
vicinity of the heater 6 so as to have a straight flat sur- 
face, while the portion 11 is formed so as to partially 
surround the heater 6. 

If one of the two wall portions forming one chan- 
nel is formed so as to have a flat inner surface and 
so that the supply portion and the nozzle are aligned 
with each other, the degree of asymmetry of the ink 
flow in the channel is maximized. Therefore, this ar- 
rangement has a further improved effect in compari- 
son with the arrangement shown in Fig. 1. 

Printing is performed by using the thus- 
constructed head 1 as described below. First, the 
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channels 7 are filled with ink from the common liquid 
chamber 8 (see Fig. 11(a)). Next, electrical printing 
signals are applied to some of the heaters 6 through 
the electric wiring 6. The heaters 6 are thereby heated 
and thermal energy is applied from the heaters 6 to 
the ink existing in the channels 7 in the vicinity of the 
heaters 6. By this application of thermal energy ap- 
plied from the heaters 6 to the ink, a bubble is gener- 
ated with an instantaneous increase in volume in the 
ink receiving the thermal energy in the channel 7 (see 
Fig. 11(b)). A part of the ink existing on the down- 
stream side of each heater 6 (nozzle 5 side) is ejected 
through the outlet 5 to form a flying ink droplet 9 (see 
Fig. 11(c)). The ink droplets 9 is attached to an ink 
supporting member such as paper (not shown) which 
has been fed to a position in front of the printing head 
1 , thereby printing a desired image (see Fig. 11(d)). 

The difference between this embodiment and the 
conventional printing head will be described with ref- 
erence to Figs. 11(a) to 11(d) and Figs. 3(a) to 3(d). 

Fig. 11(a) and Fig. 3(a) are schematic plan views 
of the printing heads showing states where liquid 
channels are filled with ink. As is apparentf rom these 
figures, the channel wall members 4 of the printing 
head 1 in accordance with this embodiment form a 
generally-wing-like sectional configuration by partial- 
ly surrounding the heater 6. Fig. 11 (b), corresponding 
to Fig. 3(b), shows a state where a bubble 10 is gen- 
erated by instantaneously applying thermal energy to 
the ink on the heater 6. Figs. 11(c), corresponding to 
Fig. 3(c), is a schematic plan view showing an ink flow 
in the channel 7 when the bubble generated as shown 
in Figs. 1 1 (b) collapses. It can be understood that the 
ink flows caused in the channels 7 shown in Figs. 
11(C) and 3(c) are different from each other. That is, 
ink flowing from the common liquid chamber 8 into the 
channel 7 flows uniformly in the case shown in Fig. 
3(c), while in the case shown in Fig. 11(c) ink flowing 
from the common liquid chamber 8 into the channel 
7 flows along the channel wall members 4 forming the 
wing-like space in the channel 7 so that the ink flow 
on the periphery of the bubble 10 is asymmetrical 
about the X axis. By this asymmetric flow, a pressure 
difference is caused in a region around the bubble 10. 
Figs. 11(d) and 3(d) are schematic plan views each 
showing the ink flow in the channel 7 immediately be- 
fore the bubble 10 generated as shown in Fig. 11(b) 
or 3(d) collapses. The heater 6 and a channel portion 
around the heater 6 are eroded by cavitation collapse 
pressure mainly when the bubble 10 collapses. In the 
state shown in Fig. 3(d), ink flows uniformly in the 
channel 7 and, therefore, no pressure difference oc- 
curs about the bubble 10. Therefore, the bubble 10 
exists generally on the center axis X of the channel 7 
immediately before its collapse. That is, the erosion 
action is concentrated at this position. In the state 
shown in Fig. 11(d), a pressure difference occurs in 
the channel 7 in a region around the bubble 10, and 



a oe is thereby caused perpendicularly to the ink 
fl: • direction. In the case of this embodiment, there- 
fc the bubble 10 exists on a point between the cen- 
ter axis X of the channel 7 and the channel wall por- 

5 tion 11 immediately before its collapse. However, the 
pressure difference in the region around the bubble 
10 is not constant, because the flow in the channel 7 
is not always stable. Therefore, the bubble 10 does 
not always exist at this position immediately before its 

10 collapse. Accordingly, the resulting erosion action is 
not concentrated. 

A printing head having an ink ejection direction 
parallel to a heater surface has been described as a 
second embodiment as well as the first embodiment. 

15 However, the same can be said with respect to print- 
ing heads having any ink ejection directions relative 
to the heater surface. 

Experiments described below were made by us- 
ing the above-described printing heads. 

20 

Experimental Example 4: 

A heater life test of printing heads having the type 
C ink channel structure shown in Fig. 11 and other ten 
25 printing heads having the type B ink channel struc- 
ture shown in Fig. 3 was made by ejecting ink through 
these heads in the same manner as Experimental Ex- 
ample 1. 

Fig. 12 is a graph of the breaking rate of the hea- 
30 ters in the printing heads of the type C and type B 
channel structures with respect to the number of 
times of application of electrical image printing sig- 
nals to the heaters. Average values of ten heads of 
each type were plotted. 
35 As is apparent from Fig. 12, the difference be- 

tween the influences of the erosion actions of cavita- 
tion collapse pressure upon the heaters in the type C 
and type B channel structures is large. That is, the life 
of the heaters in the printing head having the type C 
40 channel structure is longer than that of the heaters in 
the printing head having the type B channel structure. 

Experimental Example 5: 

45 An ejection characteristic life test was made by 

ejecting ink through ten printing heads having the 
type C channel structure shown in Fig. 11 and other 
ten printing heads having the type B channel struc- 
ture shown in Fig. 3 in the same manner as Experi- 

50 mental Example 2. 

Fig. 13 is a graph of the ink droplet ejection ve- 
locity with respect to the number of times of applica- 
tion of electrical printing signals to the heaters of the 
printing heads of the type C and type B channel struc- 

55 tures. Average values of ten heads of each type were 
plotted. 

As is apparent from Fig. 13, the life of the printing 
head having the type C channel structure with re- 

8 
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spect to the ejection characteristics (ejection velocity) 
is noticeably longer than that of the printing head hav- 
ing the type B channel structure. From this result, it 
can be understood that the difference between the in- 
fluences of the erosion actions upon the heaters in 
the type C and type B channel structures is large. 

Experimental Example 6: 

The states of deposits on the heater surfaces and 
channel portions around the heater surface of the 
above-described ten printing heads having the type C 
channel structure and other ten printing heads having 
the type B channel structure (used in Experimental 
Example 5) were observed, as in the case of Experi- 
mental Example 3. 

Figs. 14 and 15 are sketches showing the results 
of observation of heater portions in the printing heads 
10 of the type C and type B channel structures. Fig. 
14 is a sketch of the heater surface in the type C chan- 
nel structure, and Fig. 15 is a sketch of the heater sur- 
face in the type B channel structure. In each sketch, 
a top side corresponds to the outlet 5 side of the print- 
ing head, while a bottom side corresponds to the com- 
mon liquid chamber 8 side. Although the state of only 
one heater in each of the type C and type B structures 
is illustrated, the states of other heater surfaces are 
substantially the same. 

As is apparent from Figs. 14 and 15, there is a 
large difference between the states of attachment of 
deposits on the heater surfaces and portions around 
the heater surfaces in the type C and type B channel 
structures according to the difference between the 
influences of the erosion actions of cavitation col- 
lapse pressure. It can be said that the area where ero- 
sion occurs in the printing head having the type C 
channel structure is larger than that in the printing 
head having the type B channel structure, and that, 
accordingly, the area of attachment of deposits and 
the amount of deposits on the heater surface and the 
portion around the heater in the type C structure are 
smaller. Therefore, the printing head having the type 
C channel structure can represent an example of the 
present invention realizing a liquid-jet printing head 
having a long life through which improved ink ejection 
stability is maintained to obtain high-quality printed 
images. 

Fig. 16 shows a fifth embodiment of the present 
invention. In this embodiment, a liquid flow changing 
member 13 is provided independently of channel wall 
members 4 so that each of channels 7 has a wing-like 
sectional configuration. The ink flow in each channel 
7 from the common liquid chamber 8 to the heater 6 
is thereby formed asymmetrically. This structure is 
advantageous in that an asymmetrical flow of ink in 
each channel about a bubble can be realized more ef- 
fectively by using a small structural member, and that 
a larger pressure difference in a region around a bub- 



ble can therefore be controlled. It is therefore possible 
to provide a iiquid-jet printing head having a long life 
through which improved ink ejection stability is main- 
tained to obtain high-quality printed images. 

5 Fig. 17 shows a sixth embodiment of the present 

invention. In this embodiment, a combination of chan- 
nel wall members 4 and an ink flow changing member 
13 separate from the channel wall members is used 
to form a wing-like sectional configuration such that 

10 a further asymmetry is created in an asymmetric ink 
flow formed in each of channels 7. This structure is 
advantageous irr that the pressure difference caused 
in a region around a bubble 10 by an ink flow formed 
asymmetrically in each channel 7 can be further in- 

15 creased by changing the ink flow. It is therefore pos- 
sible to provide a liquid-jet printing head having a long 
life through which improved ink ejection stability is 
maintained to obtain high-quality printed images. 
Fig. 18 shows a seventh embodiment of the pres- 

20 ent invention. In this embodiment, an example of a 
printing head structure is adopted which comprises 
the channel structure C shown in Fig. 1 1 , and in which 
the surface of each heater 6 and the opening surface 
of the corresponding outlet 5 are disposed parallel to 

25 each other. 

Fig. 19 shows an eighth embodiment of the pres- 
ent invention. In this embodiment, an example of a 
printing head structure is adopted in which a wing- 
like space is formed around each heater 6 by channel 

30 wall members 4, and in which the surface of the hea- 
ter 6 and the opening surface of the corresponding 
outlet 5 are disposed parallel to each other. 

The arrangement of each of the printing heads 
shown in Figs. 18 and 19 has the same effect as that 

35 of the first embodiment printing head, making it pos- 
sible to provide a liquid-jet printing head having a long 
life through which improved ejection stability can be 
maintained to obtain high-quality printed images. 
A ninth embodiment of the printing head in accor- 

40 dance with the present invention will be described 
with reference to Figs. 20 and 21. 

Fig. 20 is a perspective view of the ninth embodi- 
ment of the present invention, and Fig. 21 is a plan 
view of the printing head 1 shown in Fig. 20. In this 

45 embodiment, as is apparent from these figures, chan- 
nel wall members 4 partially surround heaters 6 so as 
to form wing-like spaces in channels 7 of the printing 
head 1, and each adjacent pair of channels 7 are sym- 
metrical about a channel wall 4Y provided therebetw- 

50 een or about a cross section along a line Z. Also, the 
two channels about each channel wall 4Yform an as- 
sociated pair. Each channel wall member 4 has a con- 
figuration different from that of the adjacent channel 
wall members 4. The wall member between each as- 

55 sociated pair of channels is shorter than the adjacent 
wall members in length in the direction of depth of the 
printing head, so that the opening width (d) on the 
common liquid chamber side can be large, thereby 
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improving refilling facility. 

Fig. 22 is a plan view of conventional printing 
head achieving high-speed printing based on an art 
relating to the present invention. As is apparent from 
Fig. 22, the distance between each heater 6 and the 5 
common liquid chamber 8 is reduced to achieve high- 
speed printing. 

Experiments described below were made with re- 
spect to the above-described printing heads, i.e., the 
printing head having the structure shown in Fig. 21, 10 
hereinafter referred to as "type D printing head, and 
the printing head having the structure shown in Fig. 
22, hereinafter referred to as "type E printing head. 
These printing heads are constructed so that their 
thermal energy transducing elements are equal in 15 
size, and that ink droplets ejected from these heads 
are substantially equal in volume and velocity. 

Experimental Example 7: 

20 

For realization of stable high-speed printing, it is 
desirable that no crosstalk occurs when the printing 
head is driven. Situations where crosstalks occurred 
were observed in the experiment shown below. 

The type D printing head and the type E printing 25 
head were driven at the same driving frequency for 
high-speed driving to eject ink. The amount of reces- 
sion of a meniscus in each of nozzles 5 in association 
with adjacent four channels 7 in each printing head 
(the amount of movement of the interface between 30 
external air and the ink surface) atmosphere was 
measured by successively energizing the heaters 6 in 
the four adjacent channels under the above- 
mentioned driving condition. 

Fig. 23 is a graph showing the amount of reces- 35 
sion of the meniscuses in the outlets 5 of the type E 
printing head with respect to time. It can be under- 
stood that the amounts of recession of the meniscus- 
es are successively increased in the order of the 
times at which energization of the heaters 6 in the four 40 
adjacent channels is successively started. This is be- 
cause the ink flow from the common ink chamber 8 
in each channel in which the heater 6 is energized in- 
fluences the flow in the adjacent channels. 

Fig. 24 is a graph showing the amount of reces- 45 
sion of the meniscuses in the outlets 5 of the type D 
printing head with respect to time. It can be under- 
stood that the amounts of recession of the meniscus- 
es have small dispersions with respect to the times at 
which energization of the heaters 6 in the four adja- so 
cent channels is successively started. 

From these results, it can be understood that the 
type D printing head having the channel structure in 
accordance with the present invention is capable of 
stable driving necessary for obtaining a high-quality ss 
printed image. 



Experimental Example 8: 

For realization of stable high-speed printing and 
maintenance of the performance for obtaining high- 
quality printed images, it is desirable that no crosstalk 
occurs when the printing head is driven. That is, it is 
desirable to limit variations in the volume of ejected 
ink due to crosstalks. The type D printing head and 
the type E printing head were driven at the same driv- 
ing frequency for high-speed driving to eject ink, and 
the volumes of ink ejected from the printing heads 
were measured and compared. 

Fig. 25 is a graph showing the relationship be- 
tween the order of the nozzles of the type D printing 
head and the type E printing head used in Experimen- 
tal Example 7 and the volumes of ink droplets (ejected 
ink volumes) ejected through outlets of these printing 
heads under the same conditions as in Experimental 
Example 7 with respect to the heater 6 driving order 
and times. In the type E printing head, the ejected vol- 
umes are reduced with respect to the driving order by 
the influence of occurrence of crosstalks. In the type 
D printing head, crosstalks cannot occur easily, so 
that variations in ejected volume are small. 

From these results, it can be understood that the 
printing head having the channel structure in accor- 
dance with the present invention can stabilize the 
ejected ink volume to maintain the performance for 
obtaining high-quality printed images. 

Experimental Example 9: 

For realization of stable high-speed printing and 
maintenance of the performance for obtaining high- 
quality printed images, it is desirable that no crosstalk 
occurs when the printing head is driven. Then, it is de- 
sirable to reduce variations in the ejected ink velocity 
due to crosstalks. The type D printing head and the 
type E printing head were driven at the same driving 
frequency for high-speed driving to eject ink, and the 
velocity of ink ejected from these printing heads were 
measured and compared. 

Fig. 26 is a graph showing the relationship be- 
tween the order of the outlets of the type D printing 
head and the type E printing head used in Experimen- 
tal Example 7 (the same nozzle order as that in Ex- 
perimental Example 8) and the velocities of ink drop- 
lets (ejected ink velocities) ejected through outlets of 
these printing heads under the same conditions as in 
Experimental Example 7 with respect to the heater 6 
driving order and times. In the type E printing head, 
the ejected ink velocities are increased with respect 
to the driving order by the influence of occurrence of 
crosstalks. In the type D printing head, crosstalks 
cannot occur easily, so that variations in ejected ink 
velocity are small. 

From these results, it can be understood that the 
printing head having the channel structure in accor- 



BNSDOCID: <EP 063648 1A2_I_> 



19 



EP 0 636 481 A2 



20 



dance with the present invention can stabilize the 
ejected ink velocity to maintain the performance for 
obtaining high-quality printed images. 

The advantages of the D type head have been 
described in comparison with the E-type head. In the 5 
D type head, however, occurrence of crosstalks can 
be further reduced and high-speed recording can be 
achieved by using a certain driving method. 

With respect to a head having a construction 
such as that shown in Fig. 21 and having a pair of 10 
channels having a common communication port to 
the common liquid, such a driving method may be a 
method of energizing heaters in each pair of channels 
substantially simultaneously and sequentially ener- 
gizing the groups of heaters in the pairs of channels, is 
or a method of energizing one of two heaters in each 
pair of channels and energizing one of the heaters in 
another pair of channels so that the two heaters in 
each pair of channels are not drive successively. 

Fig. 27 shows a tenth embodiment of the present 20 
invention. In this embodiment, an ink flow changing 
member 13 is provided independently of channel wall 
members 4 to form an Ink flow asymmetrically in a re- 
gion around a heater 6 in each of channels 7. This 
structure is advantageous in that an asymmetrical 25 
flow of ink in each channel 7 about a bubble can be 
realized more effectively by using a small structural 
member, and that a larger pressure difference in a re- 
gion around a bubble can therefore be controlled. It 
is therefore possible to provide a liquid-jet printing 30 
head having a long life through which improved ink 
ejection stability is maintained to obtain high-quality 
printed images, and capable of performing printing at 
a high speed. 

Fig. 28 shows an eleventh embodiment of the 35 
present invention. In this embodiment, channel wall 
members 4 and an ink flow changing member 1 3 sep- 
arate from the channel wall members are used to form 
a wing-like sectional configuration such that a further 
asymmetry is created in an asymmetric ink flow 40 
formed in each of channels 7. This structure is advan- 
tageous in thatthe pressure difference caused in a re- 
gion around a bubble 10 by an ink flow formed asym- 
metrically in each channel 7 can be further increased 
by changing the ink flow. It is therefore possible to 45 
provide a liquid-jet printing head having a long life 
through which improved ink ejection stability is main- 
tained to obtain high-quality printed images, and ca- 
pable of performing printing at a high speed. 

Fig. 29 shows a twelfth embodiment of the pres- so 
ent invention. In this embodiment, an example of a 
printing head structure is adopted which comprises 
the channel structure shown in Fig. 21, and in which 
the surface of each heater 6 and the opening surface 
of the corresponding outlet 5 are disposed parallel to 55 
each other. 

Fig. 30 shows a thirteenth embodiment of the 
present invention. In this embodiment, an example of 



a printing head structure is adopted in which a wing- 
like space is formed around each heater 6 by channel 
wall members 4, and in which the surface of the hea- 
ter 6 and the opening surface of the corresponding 
nozzle 5 are disposed parallel to each other. 

The arrangement of each of the printing heads 
shown in Figs. 29 and 30 has the same effect as that 
of the printing head having the configuration shown 
in Fig. 20, making it possible to provide a liquid-jet 
printing head having a long life through which im- 
proved ejection stability can be maintained to obtain 
high-quality printed images, and capable of perform- 
ing printing at a high speed. 

The present invention is not limited to the struc- 
ture around the channels described above with re- 
spect to the embodiments. Any other liquid channel 
structures may be used as long as they do not depart 
from the scope of the invention. Also, the shape, pos- 
ition and number of flow changing members are not 
iimited to those described above. 

Fig. 31 shows the construction of an embodiment 
of an ink jet recording apparatus (printing apparatus) 
in accordance with the present invention. The appa- 
ratus has a guide shaft 5003 for guiding a carriage HC 
in the directions of arrows a and b, and a lead screw 
5005 in which a spiral groove 5004 is formed. The car- 
riage HC is moved in the direction of arrow a or b 
along the guide shaft 5003 by normal or reverse ro- 
tation of the lead screw 5005. During the movement 
of the carriage HC, ink is jetted to recording medium 
P, such as paper, cloth or an overhead projector 
sheet, from an ink jet head (printing head) of an ink 
jet head cartridge IJC mounted on the carriage HC. 

A platen 5000 constitutes a recording medium 
transport means for transporting the recording me- 
dium. A carriage driving motor 501 3 and gears 5009 
and 5011 for transmitting a driving force of the driving 
motor 5013 to the lead screw 5005 are provided. A 
sheet pressing plate 5002 serves to press the record- 
ing medium against the platen 5000 and also consti- 
tutes the recording medium transport means. The ap- 
paratus of this embodiment also includes a cap mem- 
ber 5022 having an opening 5023 and capable of cov- 
ering an ejection surface formation member (not 
shown) of an ink jet head IJH, an attraction means 
5015 linked to the cap member 5022 and having a 
function of absorbing ink from the head IJH through 
the cap ember 5022 during a recovery operation, 
cleaning blade 5017 used before and after the recov- 
ery operation, and a supporting member 5016 for 
supporting the cap member 5022. The cleaning blade 
5017 is moved in the direction of the arrow by a mem- 
ber 5019 to wipe the ejection surface of the head. 

A lever 5021 serves to drive the attraction means 
5015 through a gear 5010 and a cam 5020. A driving 
force is transmitted from the driving motor 501 3 to the 
lever 5021 through a clutch changeover means (not 
shown) and the above-mentioned transmission 
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means. Photocouplers 5007 and 5008 are provided to 
detect a home position of the carriage HC. Photocou- 
plers 5007 and 5008 detect the home position of the 
carriage HC to change the normal/reverse rotation of 
the driving motor 5013 when their optical path is ob- 
structed by a lever 5006 provided on the carriage HC. 

In this embodiment, the apparatus is arranged so 
that each of capping, cleaning and attraction recov- 
ery can be effected at a corresponding position by a 
well-known timing by the operation of the lead screw 
5005 when the carriage HC moves into a home posi- 
tion region. However, the apparatus may have any 
other arrangement as long as the desired operation is 
performed by a well-known timing, although the ar- 
rangement of this embodiment is preferred in accor- 
dance with the present invention. 

This printing apparatus also has electrical signal 
supply means for supplying electrical signals for driv- 
ing the printing head to the printing head. 

The present invention can be applied effectively 
to a printing head and a printing apparatus using a 
particular ink jet printing system having a means for 
generating thermal energy as energy utilized to eject 
ink (e.g., electrothermal transducer, laser light or the 
like) and arranged to cause a change in the state of 
ink by thermal energy thereby generated. By using 
this system, high-density high-resolution printing can 
be achieved. 

For example, as a typical example of such a sys- 
tem, a system based on the fundamental principles 
described in the specification of U.S. Patent Nos. 
4,723,129 and 4,740,796 is preferably used. This sys- 
tem can be applied to either of on-demand type and 
continuous type of printing apparatuses. If this sys- 
tem is applied to an on-demand type, at least one 
drive signal for causing an abrupt increase in the tem- 
perature of a liquid (ink) exceeding a temperature rise 
causing nucleate boiling in accordance with printing 
information is applied to an electrothermal transducer 
facing a sheet or channel containing the liquid to gen- 
erate thermal energy in the electrothermal transduc- 
er, whereby film boiling is caused in the thermal ac- 
tion surface of the printing head. As a result, a bubble 
can be formed in the liquid (ink) corresponding to the 
drive signal in a one-to-one relationship. Therefore, 
an application to an on-demand type of printing appa- 
ratus is particularly effective. The liquid (ink) is eject- 
ed through an ejection opening by the growth and col- 
lapse of such a bubble to form at least one liquid drop- 
let. It is preferable to form the drive signal as a pulse- 
like signal, because a bubble can be instantaneously 
grown and collapsed in a suitable manner so that the 
response of liquid (ink) ejection is improved. As such 
a pulse-like drive signal, a drive signal such as that 
described in the specification of U.S. Patent No. 
4,463,359 or No. 4,345,262 is suited. If the condition 
of the increase in the temperature of the above- 
mentioned thermal action surface described in the 



specification of U.S. Patent No. 4,343,124 is adopt- 
ed, the printing performance can be further im- 
proved. 

Further, the present invention can be applied ef- 
5 fectively to a full-line type of printing head having a 
length corresponding to a maximum width of printing 
medium sheets usable in a printing apparatus. Such 
a printing head may be constructed by combining a 
plurality of printing heads so as to have such a length, 
10 or may be constructed as one integrally-formed print- 
ing head. 

The present invention can also be applied effec- 
tively to a serial type of printing head such as that de- 
scribed above, a printing head fixed to the apparatus 

15 body, an interchangeable chip type of printing head 
which can be electrically connected to the apparatus 
body and which can be supplied with ink from the ap- 
paratus body when mounted in the apparatus body, 
and a cartridge type of printing head integrally com- 

20 bined with an ink tank. 

It is preferable to add a printing head ejection re- 
covery means, an auxiliary preparatory means and 
the like to the printing apparatus of the present inven- 
tion, because the effect of the present invention can 

25 be further stabilized thereby. Such means are, for ex- 
ample, means for capping the printed head, a clean- 
ing means, a pressurization or attraction means, a 
means for preliminary heating using an electrother- 
mal transducer, a heating device different from the 

30 transducer or a combination of the transducer and the 
heating device, and a preliminary ejection means for 
effecting ejection other than that for printing. 

The kind and the number of printed heads mount- 
ed may be selected as desired. For example, only one 

35 head may be provided for monochromatic printing, or 
a plurality of means may be provided in correspon- 
dence with a plurality of inks differing in printing color 
and density. That is, the present invention is highly ef- 
fective for a printing apparatus having at least one of 

40 a printing mode for multi-color printing in two or more 
colors and a printing mode for full-color printing using 
mixed colors, regardless of use of one integrally-con- 
structed printing head or a combination of a plurality 
of printing heads, as well as for a printing apparatus 

45 having only a printing mode for printing in a popularly- 
used color such as black. 

The embodiments of the present invention have 
been described by assuming that the ink used is a liq- 
uid. However, an ink which can solidify at a tempera- 

so ture equal to or lower than room temperature and 
which softens or liquefies at room temperature may 
also be used. Also, an ink having a liquid form when 
an operating printing signal is applied may be used 
since in ordinary liquid jet systems the temperature of 

55 ink is controlled in the range of 30 to 70°C so that the 
viscosity of ink is within a stable ejection range. Fur- 
ther, an ink which solidifies when being left in a cer- 
tain condition and which liquefies when heated may 

12 
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be used for the purpose of preventing an undesirable 
increase in temperature by positively utilizing it as en- 
ergy for a change in the state of ink from a solid state 
to a liquid state, orfor the purpose of preventing evap- 
oration of ink. In any cases, the present invention can 
be applied to an arrangement using an ink having 
such a property as to be liquefied only when thermal 
energy is applied, e.g., an ink which is liquefied by ap- 
plication of thermal energy in accordance with a print- 
ing signal to be ejected in a liquid form, and which may 
start solidifying when it reaches a printing medium. In 
accordance with the present invention, the above- 
described film boiling system is most effective if one 
of such inks is used. 

The liquid-jet printing apparatus of the present in- 
vention may be formed as a printing apparatus used 
as an image output terminal for information proces- 
sors such as computers, a copying machine com- 
bined with a reader or the like, or a facsimile appara- 
tus having transmitting and receiving functions. 

According to the present invention, as described 
above, each of the printing liquid channels of the liq- 
uid-jet printing head is formed so as to define a space 
having a generally-wing-like sectional configuration 
as its sectional configuration parallel to the substrate. 
The configuration of this space is such that, in a re- 
gion around a bubble of the printing liquid caused by 
the thermal energy transducer in the printing liquid 
channel, a force in accordance with Kutta-Joukow- 
ski's theorem is caused by a flow of the printing liquid 
formed when the printing liquid channel is refilled with 
the printing liquid. The flow of the printing liquid about 
the bubble is thereby formed asymmetrically so that 
a pressure unbalance is created in a region around 
the bubble. A force is thereby applied to the bubble in 
a direction intersecting the main direction of the flow 
of the printing liquid from the common liquid chamber 
toward the nozzle when the channel is refilled with the 
printing liquid, thereby preventing the erosion action 
of cavitation collapse pressure caused when the bub- 
ble collapses from being concentrated at the thermal 
energy transducer. 

Moreover, the erosion action upon the thermal 
energy transducer is dispersively distributed, so that 
deposits on a larger area of the thermal energy trans- 
ducer can be separated from the thermal energy 
transducer. Therefore, the instability of energy trans- 
mission to the printing liquid is reduced and high- 
quality printed images can be obtained stably for a 
long time. 

According to the present invention, the combina- 
tion of the internal configuration of the printing liquid 
channel of the liquid-jet printing head from the ther- 
mal energy transducer to the outlet for ejecting the 
printing liquid and a printing liquid flow changing 
member provided upstream of the thermal transducer 
(on the side of the chamber containing the printing liq- 
uid) may also be selected to cause a pressure unbal- 



ance in a region around a bubble generated by the 
thermal energy transducer in the printing liquid chan- 
nel. A force is thereby applied to the bubble in a direc- 
tion intersecting the main direction of the flow of the 

5 printing liquid from the common liquid chamber to- 
ward the outlet when the channel is refilled with the 
printing liquid, thereby preventing the erosion action 
of cavitation collapse pressure caused when the bub- 
ble collapses from being concentrated at the thermal 

10 energy transducer. 

Further, according to the present invention, the 
arrangement may be such that each printing liquid 
channel and another adjacent printing liquid channel 
form a pair having one of two liquid channel wall mem- 

15 bers as a common wall, and the common wall is short- 
er than the other liquid channel wall members, there- 
by forming a printing liquid channel structure for re- 
ducing the refilling time. This structure and a certain 
driving method may be combined to achieve high- 

20 speed printing. 

Consequently, according to the present inven- 
tion, it is possible to provide a liquid-jet printing head 
having a long life and capable of stably obtaining 
high-quality images with at a high speed and a liquid- 

25 jet printing apparatus in which the liquid-jet printing 
head is mounted. 

Also, the printing head driving method makes it 
possible to limit crosstalks and to stably perform high- 
speed recording. 

30 While the present invention has been described 

with respect to what presently are considered to be 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. 
To the contrary, the present invention is intended to 

35 cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the ap- 
pended claims. 

40 Claims 

1 . A printing head for performing printing by ejecting 
a liquid, comprising: 

a plurality of heating resistor elements 
45 each for generating a bubble in the liquid by ap- 

plying heat to the liquid, the liquid being ejected 
through an outlet by the formation of the bubble; 

a substrate on which said heating resistor 
elements are disposed; and 
so liquid channels provided on said substrate 

in correspondence with said heating resistor ele- 
ments and communicating with the outlet and 
with a common liquid chamber for supplying the 
liquid, 

55 wherein each of said liquid channel is 

formed so as to have a substantially-wing-like 
sectional configuration as its sectional configur- 
ation defined in the vicinity of the corresponding 
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heating resistor parallel to said substrate, the 
substantially-wing-like sectional configuration 
being such that a force is applied to the bubble in 
a direction intersecting a direction from the com- 
mon liquid chamber toward the corresponding 
outlet. 

2. A printing head according to claim 1 , wherein the 
length of one of a pair of liquid channel wall mem- 
bers forming each of said liquid channels having 
the wing-like sectional configuration is larger 
than that of the other of the pair of liquid channel 
wall members. 

3. A printing head according to claim 1 , wherein the 
sectional configuration of each of said liquid 
channels having the wing-like sectional configur- 
ation parallel to said substrate is asymmetrical. 

4. A printing head according to claim 1, wherein 
each of said liquid channels is formed by a pair of 
liquid channel wail members, each of adjacent 
pairs of said liquid channels form a pair having 
one of the pair of liquid channel wall members as 
a common wall member, and each adjacent pair 
of liquid chambers form a symmetrical configur- 
ation about the common wall member. 

5. A printing head according to claim 1 , wherein said 
liquid channels are formed by alternately arrang- 
ing two types of liquid channel wall members dif- 
fering in length from each other. 

6. A printing head according to claim 1, wherein 
each of said liquid channels is formed by two liq- 
uid channel wall members disposed on said sub- 
strate, one of the two liquid channel wall mem- 
bers having a planar shape, the other of the two 
liquid channel wall members having such a shape 
as to form the liquid channel sectional configura- 
tion as a wing-like sectional configuration. 

7. A printing head according to claim 1 , wherein the 
wing-like sectional configuration is formed by a 
liquid flow changing member provided in the liq- 
uid channel. 

8. A printing head according to claim 1 , wherein the 
bubble is generated by film boiling of the liquid 
caused by heat from the heating resistor element. 

9. A printing head according to claim 1 , wherein the 
liquid comprises ink. 

10. A printing apparatus for performing printing by 
ejecting a liquid, comprising: 

a printing head according to any one of 
claims 1 to 9; and 



electrical signal supply means for supply- 
ing electrical signals for energizing said heating 
resistor members. 

5 11. A printing apparatus for performing printing by 
ejecting a liquid, comprising: 

a printing head according to any one of 
claims 1 to 9; and 

transport means for transporting a record- 
to ing medium. 

12. A method of driving a printing head having heat- 
ing resistor elements for applying heat to a liquid 
and liquid channels formed in correspondence 

15 with the heating resistor elements, said method 

comprising the steps of: 

generating heat by applying an electrical 
signal to at least one of the heating resistor ele- 
ments; 

20 generating a bubble in the liquid by the 

heat generated by the application of the electrical 
signal, and ejecting the liquid through an outlet 
communicating with the corresponding liquid 
chamber; and 

25 applying a force to the bubble in a direction 

intersecting a direction from a common liquid 
chamber toward the corresponding outlet by a 
flow of the liquid when the liquid channel is refil- 
led with the liquid from the common liquid cham- 

30 ber simultaneously with a collapse of the bubble. 

13. Amethod of driving a printing head for performing 
printing by ejecting a liquid, comprising the steps 
of: 

35 preparing the printing head according to 

claim 4; and 

energizing the heating resistor elements 
corresponding to the liquid channels forming said 
pair substantially simultaneously. 

40 

14. Amethod of driving a printing head for performing 
printing by ejecting a liquid, comprising the steps 
of: 

preparing the printing head according to 
45 claim 4; and 

energizing the heating resistor elements 
corresponding to the liquid channels forming said 
pair after the liquid has been ejected through an- 
other adjacent pair of liquid channels. 

50 

15. An ink jet printing head comprising a substrate 
having an ink supply chamber (8), liquid channels 
(7) defined by channel wall members (4), nozzles 
(5) communicating with the liquid channels, and 

55 thermal energy transducers in said channels, 

characterised in that said channels in the region 
of said heaters are of aerofoil section. 

14 
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(g) A printing head (1) designed to have a long 
life, particularly to be able to maintain a long 
duration life of a heater portion and improved 
qualities of printed images with improved stabi- 
lity and to achieve high-speed printing, a print- 
ing apparatus using the printing head (1) and a 
method for driving the printing head are pro- 
vided. On a substrate (2) of the printing head (1) 
are formed a printing liquid supply chamber (8), 
liquid channels communicating with the supply 
chamber (8), liquid channel wall members (4) 
forming the channels, nozzles (5) for ejecting a 
liquid, heaters (6) provided as thermal energy 
transducing elements in the channels, and an 
electric wiring for energizing the heaters (6). 
Each channel has a wing-like sectional configu- 
ration in the vicinity of the corresponding hea- 
ter. 
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